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(57) Abstract: 



PURPOSE: A nitride semiconductor device with a multi quantum well 
structure is provided to reduce the stress between a quantum well 
layer and a barrier layer and control the thickness and number of the 
barrier layer by easily controlling energy band gap and composition ; 
of an active layer. CONSTITUTION: N quantum well layers have a 
composition of InxAlyGa! -x-yN, and more than (N+1) barrier layers 
have a composition of lnxAlyGa1-x-yN(x,y and x,y are not smaller 
than 0 and not greater than 1 , and x+y and x+y are not greater than 
1). The active layer is composed of the quantum well layers and the 
barrier layers. The barrier layer includes at least two sub barrier 
layers that differ in the constitution ratio of a composition material. 

The respective barrier layers are gradually and symmetrically disposed according to band gap energy with respect to the 
quantum well layer. 




copyright KlPO 2004 



Legal Status 

Date of request for an examination (20021129) 

Notification date of refusal decision (00000000) 

Final disposal of an application (rejection) 

Date of final disposal of an application (20050429) 

Patent registration number ( ) 

Date of registration (00000000) 

Number of opposition against the grant of a patent ( ) 



SDmd\ 10-2004-0047132 



(12) ^7ll^^^:a(A) 

(51) o Int. C1.7 (11) ^7^^± 10-2004-0047132 

HOIL 33/00 m)^7m^ 2004\i06€05*J 

(21) 10-2002-0075234 

(22) #€<a^l- 2002idlH29°a 

(71) ^^91 (^)-g-HaH.^. 

ifl^d^^^l -6-^^^ €-^1^ 104-6 

(72) ^^7.} Ai^j: 

^ 7] £^€^1 t^^-'B €3-1-1256-3^x1 302^ 

ifl ^i^^ -^1 -fr-i§ T^^'?1^296-9€xl 302J: 
tfl -^1 -a-^^ ^^-Jl •§•448-3^^1 304S 
ifl ^1 -B-^ T^<^ <i>3^Hl 11 ^90231 

(74) cflel^J 
-a^l)-?- : SI'S- 

(54) tl-f^ <a=;^]-^l- Sfe ^S.^] 




a{ oi o] 

Bvs^i ^3^1-, iffl^^ii "im^i, ^^v^i-T^, 'jf^v-?-!-, #2flHf^, 



- 1 - 



S:'H^Sj 10-2004-0047132 



3^ 1 ^ o]^ ^^s. ^^-i- HbS^l ^i^l 

:£ 2 ^ <>W nns. ^^1- 4* "S^^V^l- €^1- ^^i. 

£ 3 -& ^ ^e^'^^ <a^^lii SI*!: ^^1- BVS^l ^3. ^ oim^] ^^i^i. 

£ 4 "s^'^i ^^b 4^ "S^V^l- ftfe aJ:£^ i:^>^ ^a^^l^^l ^^i. 

310 : 7]% 320 : wl3i|f^ 

330 : n ^ 1 t}^ 340 : >11 2 94^%- 

350 : tt^^f' 360 : ^1 1 
370 : ^1 2^^mnB.%- 



ul- rt ol J2. 

d -- I -r -I 



a. o. c:^^ <a:xl-f i-(multi quantum well, MQW) ^^1- ^^^n] ^fV ^ o.S, t>]^ ^4^} 

<a=;^}-f l-^Cquantum well layer)-?! 711^5] In ^ Al y Ga ^.^.y N cfl*H 44 *l-4 <^]^^^ In 

Al y. Ga i-^.-y. N ^J-^#(barrier layer)* ^^-71 <Jf^l-f l"*^ ^iSi^^i:(stress)* ^o]JL ^^^l-* 

fe^ t^J-Sir* ^7}^~]f]7] 4^ ^21- ii^H ^<^14. ('^7lAi, x. y ^ x', 

y'^ 44 0 ii4 37-1 14 4ji 1 471 M- 4-^^^, x+y 2Fx'+y'€- 44 1 44.) 

^3}-l- Bl-JE^flfe, 4^(Nitrogen, N)* S|-^l- Hl:£^11S.-«i <?V^^^ol i^fl-f -t-t^«>'=^, 4f-al4i(GaAs 

) f-s^ St-t* ^ Si^ ^. ^^-i: i-t^fe ^t(@)4^J- ±.^1 ^ ^4 ^4 -f-^fl ^S) 

^7l H]:£^fl7>, Sl-t#sl 'af^nl^(o)^} 'Al'o]4 ^), 4f-(<^l5l- 'Ga'4 t), ^If-C-^l^} 'In'<^14 t) 

f- ^7l-i:iL ni^€4il:ol ^s4-§-^:;i Sl-^°l,In ^ Al y Ga j^^.y N(^, 0< x< 1, 0< y< 1, x+ y < D^l 
^^S.^^i^JL, s-sl, inGaN ^S. o]^o]^ <a=4^1-#ol S.^^ 4^, °<f4-f# afe 

4-T-«- -T^SSl olf^ «flEHs. ^2:(double hetero structure)* 4^4^ "g-s^?! '^>-^ol4. 

^3^1- ih44 f^Eflsl 71^1- ^Bli^ 4*4 44. 

£ 1 ^ f^Efl^ -^If- ^2 ih4^ ^<i^l ^^£^14. 

J£ 1 i £4^ 44 4<^1, f'Efl^ '^If' ^21- 4fe ^^1- 4i4(100)^, 44''1<^, SiC. Si, ZnO, Ga 

As S :^i3ill(spinel) ^flSS ^^J^ 7]:a:(110) ^<^. Al y Ga i_y N cl^<^4 Hl5l*(120), n^ GaN <L 
S.o]^o]:^ 4 I t}^ #5llS.#-(clad layer, 130), n^ Al y Ga i_y N .^S. o]^o]^ :q 2 t}^ m4^%-iU0), In ^ 
Ga N ol^ol;5l 1-^^^(150), Al y Ga j.y N o. S 4 1 #2llH#(160) ^ p^ GaN ^5. 

ol^ol^ ^1 2 ^j-^ #2ll.E.f^(170)<^l ^^H^S >a4^-2-S^ ^^j^4. 

'=i7l>H, 0<x< 1, 0<y< 1 o]"^, ol* X, y ?J:* 4 #4 BlH^Cband gap) <^44* j1^*1-<^ ^=^€4. 

^J-4 ^1 1 «2I|H#(130) ^ >ll 2 #2fl£.#(170)4 HEH.^J i447> ^j-7l 2 S>-^ S2llH#(140) ^ 
^1 1 ^j--^ SeflH#(i60)4 "^M 4iL4 4£^ x, y ^o] ^^€4. 
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* t^Slfe AflyliS. ^ Dj^lTl) SlHS, ^i-t)]2^ ^d-4^J-a] '?]:l-7l 

^ In ^ f'7>Al^(2:, X :g;t-ir 3711 ^) 1A7> $14. 

nBiM-, In ^ Ga N oj^o^^ ^V7l t^^f^(150)^, ^a]^ fl}^ ^o], Ai y Ga j-y N AS '^l^'^^I f^ftCl 
40, 160) ^'^I'^l <^]^. In ^ Ga N 4 Al y Ga i_y N Aj-ojoi] ^;^]->S-T^(lattice constant)Sl 

^1-015. ^JsBCi 5 ^^), ^7l 4Aj#(150)si In s] A^^A]?]^ ciHi ojt|.^ S-^l^o] $^0^4. 

^, ^^7l %A^*4 #2flS.f^ A}0l ^ ^^H>=rSl ^fe A^^7l °^X>^i-f^0ll y}^}^] ^i^- 

^11^ ^-T- ^ ^SEfl>i7> 7}sfl;^l^ S]-^l^(piezoelectric field)7} ^^js\o] '^^::^}^^%- ifl :i:^}s^ ;^ 

^Aj-o] <aom- ±1J1 ^(wavef unction overlap) ^^-^if-^S'^ ^^ll^<^l "ao:!^!?!! ^4. 

4H1-Ai, lA^t(150) «>lSlfi1 7l§s] HflH^^ oil 4^11- ^7] In ^ Ga j.^ N ^ Si^^mm^ 

*^^#(150)4fil ^^1-^^ *M7l- 31-<^H£^ 2:>a^ ^ SI^ 'S-?><^1 -2.^51:0. X14. 

i 2 ^ ^efls] olf^ tiJ:£Sll ^ 4^ <3=^>-f* ^^1: aj-^^] o^ojl^l ^^s. 

4^1 t^, ^71 £ 1 31 «:^f^(150)6l InGaN olf-<^^! 4^^7113] oj:;^i. o.^^3!l. af-^H T^'S 

^ ^s.^ ±7]-si\ ^^£.o]4. 

£ 2 44 ^o], ^^s] 4^ -a^^V^i- ^2:* aJrSSll dt^K200)^, a>4o1o] ^o] ^^^s. % 

71^(210) ^i, Al y Ga i-y N 5] n\^%-(220), n^ GaN 4 ^1 1 l-5llSf^(230) ^ n^ Al y Ga i_y N 
^42 t}^ #£11^^^(240)01 ^^^3.,Zl^oiln ^ Ga j.^ N 4 <a^4-f In ^. Ga i.^. N o] 

*^^#(250), A! y Ga j.y N >1| 1 ^j-^ #2I|H*(260) ^ GaN 4 ^ 2 m^S.%-i270)^] ^ 

■^^A-l, 0<x< 1, 0<x'< 1, 0<y^ 1 <^li^, <^]1- X, X' ^ y 4 ^i-g: °1I4^1» 3.^^c^ ^^^4. 

•^l^ll, ^71 tAj^(250)4 ^7] In ^ Ga j.^ N ^S. <>]^o]:^ <a=^l-^«-f^^ i^^l7> In ^. Ga j.^. N 

O.S olif o]^ ^J^»?#2l ifflH:^ 0(144 a.4 3h7ll ^^SIH, a <g=4a7l£4(quantum size effect)* 

nei4, In ^ Ga N i^l <y=4-f#f^4 In ^. Ga N 4 ^-^l^l ifflH^J o]]^7.]5] y^l-o]^ ^o] -7I ^«1] 

^^1-^^ ^1-°17)- §41 T^^Hl ai^KS 5 f-2:), A^^j- 4 §^ ^^ofl o)-c]nlcl(iBD ; inversion boundary do 
main)4 ^-S: ltl-<^l ^aj^ o.5..><| ^^SL^-fr 3.A ^*H7l4, Htl, ^7] 444 <g=4-f-i-* 4*1 ^J-^#si 
^71- 1 ;^]*^ qlsl-e,^ :t^^l-<^l ^<H4^ f"^ S-^^-^l 

44Ai, oj:^^ o.o^3j,. ^^^^ ^4^^4 #<^1H, ^^^1-* ^ Slol, ^^3: 



^[v^rt] 01^=^37.4 Sl-i;^ yl-lr^^l 4;(11 

^ AJ.71 ^^1^^ n^t}7] 4*M 5! AS, 4f^ "M^i ^ai- is^l- «J£^I1 :il4i Sl<^Ai, 

*A^#^ °im44 ^^^4 -8-<^147ll ^ ^ Sl£^ 'a=4^1-f'4 ^J-^f^ 4<^1^ isejl^l- 
4^J'ar 1-^, ^4 ^J-^*4 ¥^4 a€ 7>^«>£^ tAS.4«|, ^^^1-4 ^^3l^<^1 ^7>^ ijjj-i- 



t>gfi) ?i 4-8- 

^7] *^j47l 4«- ^ ^'g^r, *^f'4 i^T^l «2flH#(clad layer)* t^^^s]!^. ^4 *^f^<^1 

4f^ <y=4-f l-(multi quantum well, MQW) ^21- :i4°ll Sl<>i4, ^^7] *A^f^ol, In ^ Al y Ga 

i-^-y N 51 2:Aj4 7^^^ 4t"711°1 n 71131 'S4-?-l-*(quantum well layer); ^ In ^. Al y. Ga j.^.^y. N ^1 £Aj^ ^ 
^, n-^ 1 7ll olAVo^ ^j-^^(barrier layer);^ 5.-t4<^ '^1^444, -^M ^J-^f^^, S^^-i-^Sl A^^tij^-i: g:el4^ 

^ 711 ^]^^^ 4 w- tifl&l<H*# af-4<^, -^4 °<f4-f«-*-i- 4§As, ^1-71 44^ 4 i^ll5l<=>lf^<^l ii'i4°il 
44 AS «fl^l5l£-^ ^A^€ ^1: ^^lAS *!:4. X, y ^ x', y'^ 44 0 ^^4 344 ^^3. 1 a.4 47-1 
4 ^A4, x+y 4 x'-i-y'^ 44 1 ^4 444 ^4.) 
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HL*>, oli^l, ^7] In ^. Al y. Ga i_^._y: N 2^^* H^, °J^^ f^(layer)^ ^^HJ-T^i cfl-§-5l^ ^^1- 

^1-^1- ^^^Hl^o] a;^^ ^7>^?1 ^4. x'^ y'^ 0 icf 3J1 1 ic}- ^-^^l, x'+y'^r 1 

o]^ ^2:1- ^Sl-S- ^i^fl ^^}^ nl-el- 371] ^J;^ ^^^l-^* ^21: i^}^ 4^ 

%^^%-^] <?f4^# ^21: Sfe 1^4- i^}^, %A^f^ tfl«.o^ oj:^yo.D.^3^ Al-ojoilA-] 

45}^i, ^ t^oil^i^ <^1S1 ^SH, In X Al y Ga i.^_y N 51 51-^ oj:^]. 0.0.^0^ 4ol<H] 

^*<^1 In ^. Al y. Ga i_,._y. N fi] 2^^* ^7] ^J-^f^ X[c]o\] hEH^^I ^j-ol:^ ^tII 

§1-5) ^^H^-T^^ ^l-ol^ 2l-4^l£^ s}^^t:^, St!" "^l"^ ^J-71 ^J-^*<^1 a ^j^Hl^^ ^^i}^ ^ 7ll ojAj-o^ 

^1^1:* ^SM, ^71 SeflH#<^l, In ^^^1 ^7}^ in ^, Al y. Ga j.^.-y. N si 2.^^ «VS4. 

■^l^ "il*! In p Al q Ga j.p.q N p, q ^o,) f^s] 1.^ = 7^ ii-i^l-i- ^s^a]^ ^ Sl^iS., w^slf^ ^ofl ^ 

#51^ f-*^ i4:^li. 4<a:s>7ll 2^«: ^ Xl^, 4 ^^1-^^^ ^l^^S i 

l-i^l^Jr-S- 2^*>714, Zl- #fi1 iM^^lfe al^Al?! ^11 ^^>Aj-=^i?];^ a^S)-^ 7}^t}7\] 51 Jl, ^el" 

^1, ^^s] Bjs^ iH^l ^ "6%^^}* 41?^ =1- «VS4. 

^ 4-8-51 'i'i^ iL4 ^'S*!! « ^m. <']^. « 

^ «s^^sl 7l#3l 4^01 oiofl sv^5i7-l4 °J«li ^^si^ ^-8: 4H 4. 

£ 3 tfl^l £ 4 ^^'isi <a^Ai<^oii al*!- ^^1- ^£^11 ^^£21- ^7] u>£xfl i45i S-A^f'Sl ^^1^ 
si- ^^}^^a^^ ^7(1 aeflSl- 4El-xflSil4. 

'Ji^i £. 3 ^ €- °d^^HHl sjtv ^sj-i- tili^fl 4i;^|-s] ft^^f-^ll^isl ajs.7j i^^lsl ^^^^£014. 

:£ 3 i £^1S 44 ^<^1. ^ <a^Aic.i)<H] o^*!- ^sf.^ Hj-:£^fl 4;4(300)fe, 44°H ^^^^ 7] 

*(310)^i,In ,A1 bGa i-a-b N Hlslf^(320), n^ In Al y. Ga i-x'-/ N ^1 ^1 1 4^ ^efl^f-OSO) ^ n 
^ In ^. Al y. Ga j.^.-y. N ^1 2 4-?- l-2}|S.f^(340)cl ^l^Sl^, a ^^i] ^^^%^{350), In x. Al y. Ga i_x,.y, 
N ^ ^1 1 #2||H^(360) ^ In X. Al y. Ga j.^.-y. N ^1 ^] 2 #ellsf^(370)ol ^^>2j^S. ^j^j-^^S. 
-^i ^^j«4. 

'^714 ^J-71 tt^^'f (350)^, 4t"711^1 n 7)14 •a^4^**4 4 m 7l1al ^j-rt it4<^ t^^^sI^eIK^, n^ 2, m> 
n+ 1), =1 =?-2z^, £ 3 <^ £4^ 44 ^ol, "^44 "9=4-?- l-f'(353)ol 1- ol>^4 ;g-^*([35i_352] ; [354,355])4 
40I01] ^^140], oinii, ^V7i 444 44, 4s 4^ a'l^* ^711 oi>s-4 4H «i]eioi»(35i_ 352, 3 

54, 355)-i: 5.^4^ n^S:<^]^. 

<^H, 44 44^ 4^#S1 ^^1^ ^^ -g-^.E^(A) ojiflojol 4^314^. ^ 2^^^ in x. Al y. Ga i.^..y. N 

0<x'< 1, 0<y'< l)olEl, £4€ Eg 4 ^^^lojji tfl^i^ioi Hjc7j oj]ui4i: 71-X144, SE4, 44^1 ^44t" 

40] 7> 4£^ x'. y'7> ^V4. 

^, £ 3 °11 £4^ 44 ^<^l ^4 444 «ll5l<H#(351. 352, 354, 355)4 7l-^4ifl (valence band) i^i^j 
T^S(Ev)4 4£4(conduction band) °1144 ^§(Ec)<^l, 47l 44-fl-#(353)4 71^0.5. ^^^/tl^^^o] 
^ 2Aj4<^ 44 Ev 4 Ec 4 4i 4«fl ^^=1^ °l]M4(Eg)7V ^4^/44!^ * $i£ 

^ 4^4. 

4^1 ^2fl^ 4f^ 44-f 1- ^21- ?Jf^ ^4* ^^£^1 %144, 4-4 44^4# ^ 4^t^ in 
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X Al y Ga i.^_y N 4 In ^. Al Ga i.^._y, N Sj-Jl ZL ^^-71 ^ ^ ifflH.?^ i 

a Bj|c:g ii-i^l7> ^iS ^el«fe l- ^l^^l a^o. Hi]e|oj^(35i_ 352, 3 

54, 355)^S. ^O-S V^, ^^#1-4 fe<^M3E^ ^VS^-. 

4^, £ 4 ^ ^^^i cf^ <a=;<>-?-# ^a* ^fe S^l- -a^^li ^1-71 i 3 

wVS^fl 9X0]^^ #2flS.#ol In ^, Al y Ga i_^..y. N(^. 0<x'<l, 0<y'<l, x'+y' <1)^ 2:-*^* ^fe In 

£ 4 i 42}. ^7] ^snHf^-H] In O] :^7>^ o.^.^ ^^S«>^ ^sj-* ^ El] 

^7l £ 3 £ 4 ofl ^ ^^011 ^tb 4^ -a^^l-^-* sVt^l ^^f-Hl Sl<H^i, X. y 

7^ ^E.7j oim^ii- ai^«H m^^. 

l-^H, ^1 1 #2flHf'(330, 430) ^ ^] 2 ^-^ #2llHf^(370, 470)2] ^^7^ '^]^^]7} 4 2 Sf^ #2)] 
H#(340, 440) ^ ^ 1 fieflHf-OeO, 460)^ HEH^g oim;^liLtl- x, y -S^tlrt^. 

«>4 ^01. n-1 ^^12] <S=;^f^l-#2l- n ^^2] <3=^}^-i-f^ 4<^)<H] ^^Is]-^ « 

<^7l/i ^7l «:>a#(350, 450)'Hlfe 5f^V5) ^^^o] ^7}^ ^ Sl^cfl. o] ;g-f ^}'^(.Zn) f-o] ^ 

^1-71 1 i}if- #Efl5^#(330, 430) ^ 2 #2fl^^f^(340, 440)i ^7} 7>^tb ^^i(Si) 
f-o] oj 1 #2flHf'(360, 460) ^ 2 ^a--^ «2Jl^f'(370, 470)<^lfe lr^#S.-y1 nl-^Lil#(Mg) f- 

°a^^<?l ^4-21 oili- i-ol ^^*>xl-^, £ 1 £. 2 <H1 Hj-sf f^sfls] ^3^-1- 4,^H 5|o]a-], in 

GaN 21 S^* *'^*'^1 ^ d i ^^ms.. AlGaN 2] 2:/^^ #211Sf^fl ^ e ofl ^l^m^JI * ifl, ^7l 
^ d 21- ^ e 0.1 A ^1^21 ^;^l-^^2l ^H7> sitl-. 

B-M-?}:, ^7l £ 4 i «s^^2l ^Ajojloii sitfl ^71 #Ell:^f^<Hl ^^tb °^s] In -i: ^7}f-^iiL^ :i 2:^^^- 1 

nAlGaN % ^-f , ^j-7l ^ e * ^ c S. ^ al<H, ^7] fl:^#2|.2l ^^1-^^21 7^}o]^ 0.05 A ^iS. 

^IS ^ $1^1 

^. «J1S.7^ -^1^:^121 ^3^§iol ^^pj-^21 ^VojS. ^;^^S>711 ^ '*^l-^#*2l >.S£|1^1- ^ o|7j] 

S\JL, nfet^i, «J:£^1 4i;^f2l ^^Jr#* ^-g ^ o;(7|] S]^ :Ao]t^, 

o]^o\]^ ^^tt ^ ^^tb ^Alojl ^ £^011 o^^D *!:;^5)^ ^o] ol-u|ai, ^ 7]^^ A].^^ 9iolH-^l 

8Jfe ^^1 ^ofl^i <^el7>xi ^ift, ^ ^;^o] 7>^el-tf^ ^o] ^ fgo] ^fi- 7l^^o>oiiA-i f.^51 7].^ 



iJiJ-r^S-l Jl-i'l- 

^J-7121- ^ cl-^ "S^^l-fl- ^ai- ^i^fl Sl'H^i, S^jsi f-sfl 4>-j#al <y=^l- 

-f 4<^H1 «JlS-^il ^^-1^121 ^>ol^ -fr^l5]-£l ^XpJ-^51 ;^l-ol^ ^o}7.]7\] t}jL, S*!:, 2711 o]^^ 4^0^ 



(57) ^^7-al >?li?l 
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^^t^ 1. 

*^^f^4 fisJlHf^Cclad layer)* if-^j-o^ ^^^5)^^, -^7] 4^ <a=^l-f l-(multi quantum well, MQ 

W) ^ai- ^^1- aVs.^ 4i^H sl^HA-l, 

In ^ Al y Ga j.^-y N a^j* ti^. ^^7^91 n 71)3] 'a=;^>-f l-f^Cquantum well layer); ^ 

In ^. Al y. Ga ^.^..y N a^-l- n+ 1 7)1 oj^^-Sl ^J-^ f^(barrier layer);* S.^^^ ■f-<H ^1 5| , 

x]w v^^o]%.o] u^B.7§ o]]\.^7.]6\] ^:^mti\^^±s. ^^^^ ^-s- o.^ t}^ 4^ "a^^-f «- 

SI- «J::E^fl 4i4. X, y ^ x', y'^ 0 37) q- ^ Jl 1 ^t\- ^7]^- :^o.t^, x+y 4 x'+y'* 

1 a4 2^714^4.) 

2. 

^1 1 *J-i ai-^^i 

In Al y. Ga i_^._y. N 5] 2:^j* ^5), o]^^ #(layer)sl ^ 4-*T(lattice constanO-i tfl-g-£]^ ^^^l^* ?J 
HJl 1 ^^t^, x'+y'^r 1 :a.4 st-c]-.) 



5L'£ll 
100 



■4J-S 3?H'=i 



pg GaN 

pSALGai-uN(0<y<1) 



lnxGai-xN(0<x<1) 



ng AlvGai-vN(0<y<1) 



^11 1 m¥ m^w'- 

n§ GaN 



AlyGai-yN(0<y<1) 
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200 



n 2 m^^i 

pS GaN 



M 1 fe^^ MSHHs 
pg AlvGai-yN(0<y<1) 



ln„Gai-«N(0<x^1 ) 
lnx'Gat-x'NCO<x'£l) 



7i\ 2 SBHH# 

nS AlvGai-iM(0<y<n 



nS GaN 



AlyGai-yN(0<y<1) 



:>\B 




300 



2 iHH£§ 



p§ lnMly<3ai.,"-/N(0<x"<1, 0<y"<1) 



^1 



Pi ln,"AL-Gai-x"-u-N(0<x"<1, 0<y"<1) 



nxAly'Gai-x'-y'N (barrier 



In/AlyGai-x-yN (barrier 



ln,AlyGai-«-vN (QW) 



Inx'ALGai-x'-u'N (barrier 



Inn'Aly'Gai-x'-v'N (barrier I) 



ni lnx-Alv-Gai-x--vN(0<x"<1. Q<y"<1 



^1 1 m mE§ 

ni lnx-Al/Gai-xvN(0<x"<]. Q<y"<1) 



lnaAlbGai-a-bN(0<a<1, 0<b<1) 



-J 



370 



360 



350 



Eg 



Ev 



Ec 



340 
330 
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L^4 



400 



n\ 2 iBllEi 
pS ln»-At-Gaiv-,-N(0<x"<1, 0</<1) 



n 1 iBHEi 
pS ln,-AI,-Gaiv^-N(0<x"<1, 0</<l) 



ln,AI,Gai^-,N(0<x<1, 0<y<1) 
IMI/Gai-,vN(Q<x'<1, 0<y'<1) 



M 2 i\f i2||Ei 
nS ln,.AI,.GawvN(0<x"<1, 0</<1) 



nS ln,-AI/Gaiv-v-N(0<>^'<1, 0<y"<l) 



tJliHi 

lnaiybGai-a-bN(0<a^l, 0<b<l) 



470 
460 

450 

440 
430 

420 

410 



^ 5 



Ul 



2- 



AIN 






\ c ^ 






\ lb\ 
GaN ^ 


Vd \^ 


InN 



3.1 3.2 3.3 3.4 



3.5 



3.6 
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